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Historical sources of information were examined to develop a picture of the structure of River Red
Gum Ewcalyptus camaldulensis forests of the southern Murray-Darling Basin prior to European settle-
ment, We sought information on the density and distribution of fallen timber (grounded logs and limbs
210 em diameter). None of these patential sources yielded much uscable information to estimate fallen
timber loads prior to Eurapean settlement. There is good evidence that the structure and demography of
red gum forests has been significantly altered since the 1830s, with the former parklands of large, vet-
eran trees > 500 yr being replaced by ranks of smaller, younger trees. Large trees are more likely to pro-
duce larger amounts of fallen timber, 5o 1hat the landscape-scale changes in demographics coupled with
the massive reduction of the arca of floodplain forest are likely to have produced a much lower total
fallen timber load across the whole Murray-Darling basin. Alterations of flooding and wildfire regimes,
and the incessant demands for large amounts of firewood are likely to maintain the paucity of fallen tim-
ber compared with the early part of the 19 century. The current status of fallen timber in the Barmah-

Millewa forest is also deseribed.
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PRIOR to European scttlement, the inland slopes
and plains of southcastern Australia supported a va-
ricty of opcn forest and woodland vegctation com-
munities with a high diversity of fauna. Thesc
habitats arc now somc of the most poorly conscrved
and degraded plant associations in south-castcrn
Australia (Walker ctal. 1993; Robinson 1994; Whit-
ten and Bennett 1998). Vast arcas have been cleared
for agricultural development. In south-castcrn South
Australia, ca 14% of the original cover of woodland
and open forest remains (Harris 1986), while in Vie-
toria, less than 7% still exists in some arcas (Robin-
son 1994; Bennett ct al. 1998). Remnants have been
degraded by mining, timber harvesting, fircwood
collection, inappropriate fire regimes, grazing by
stock and by rabbits, and changes in hydrology. His-
torical records indicate that the degradation and loss
of these environments have also been accompanied
by major deelines in local and regional faunal diver-
sity (Bennctt ct al. 1998; ECC 1997).

Habitat restoration is needed to improve the
quality of remaining arcas of forcst and woodland.
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This requires an understanding of how specific habi-
tat characteristics influence species diversity.

Ecological significance of fallen tintber

One component of Australian forest and woodland
ccosystems that has received little attention by ccol-
ogists is fallcn timber. We use the dcfinition of Har-
mon ct al. (1986) for describing fallen timber:
grounded limbs and logs with a minimum diamcter
of 10 em. Although fallen timber is a prominent
structural feature of natural cucalypt communities, it
1s often secn as a fire hazard. Thus, in the past, much
effort has becn madc to clcar timbercd arcas of
fallen timber.

Fallen timber scrves a number of important eco-
logical functions. It provides habitat for many
groups of animals including small manumals, rep-
tiles, frogs and invertcbrates, and scrves as a nutri-
cnt source for many invertcbrates, micro-organisms,
fungi and flora (Harmon ct al. 1986). It also plays an
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important role in nutrient and energy eyeling within
ecosystems, and influences soil and sediment trans-
port and storage (Harmon et al. 1986). In aquatie
systems, fallen timber has the additional effeet of in-
fluencing stream morphology as well as providing
the only solid substratc in many instanccs.

While a number of studies investigating the ceo-
logical significance of fallen timber have been con-
ducted in the northern hemisphere (sce review by
Harmon et al. 1986), little work has focused on
fallen timber in terrestrial Australian environments
(although see Brown et al. 1996; Robinson 1997;
Williams and Faunt 1997; Laven and Mae Nally
1998).

On the floodplain of River Red Gum forests,
fallen timber is likely to be a vital resource for both
terrestrial (Mac Nally et al. 2002a; Mac Nally and
Horrocks 2002: Boyd et al. 2005) and aquatic
(Baltinger et al. 2005) organisms, and also is much
affected by firewood collection. The floodplains of
the inland rivers of southeastern Australia are domi-
nated by River Red Gum, a timber favoured as a
fuel. Our surveys suggest that the current loads may
be about 15% of former loads (see Mae Nally et al.
2002b).

Objectives

The current study evaluated documentary informa-
tion concerning pre-European levels of fallen timber
on the Murray-Darling floodplains, with which ¢x-
isting levels can be compared. In the process, this
may provide target levels for future restoration of
fallen timber in these environments.

Information was compiled from the carliest his-
torical sources available. Potentially uscful data on
the nature of floodplain environments was produeed
by five major groups of people during the 19 cen-
tury: explorers, squatters and seleetors, government
surveyors, scientists and naturalists, and foresters.
Relevant records include documents such as jour-
nals, river charts, land files, pastoral plans, parlia-
mentary reports and forestry records. As it was
anticipated these early records may yield a paucity
of direct data on fallen timber loads, a detailed ex-
amination of how changing land-management prac-
tices have influeneed fallen-timber dynamies was
also undertaken. This allows some inferenees to be
made about how fallen-timber loads may have
changed.

Focal area: sontliern Murray-Darling floodplains

The River Red Gum Encolyprus camaldulensis is
the characteristic tree species of the lowland flood-
plains of the Murray-Darling Basin. lts oceurrence
along inland watercourses makes it the most widely
distributed of all eucalypts. River Red Gum commu-
nities range from open woodlands of trecs with short
boles and large, spreading crowns, to tall forests of
trees up to 45 m in arcas where the floodplain is
prone to more prolonged floods (Wilson 1995).
River Red Gums typically occur in pure stands with
an understorey of grasses or wetland plants. The
shrub layer generally is lacking or sparse. Less fre-
quently inundated arcas of floodplains are domi-
nated by Black Box Ewncalyptns largiflorens. This
study focuses primarily on the River Red Gum
ecosystems of the southern Murray-Darling Basin
(south of the 32° 22’ S).

HISTORICAL OVERVIEW

‘... stately yarra trees; and charming vistas
through miles of open forest scenery... the
whole country traversed this day, was of that de-
seription which belongs to the margins of
streams, being grassy land under an open forest
containing goborro [box] and yarra [River Red

Gum] trees.” Thomas Mitchell, Lower Mur-

rumbidgee River, 1836 (Mitchell 1965b)

When Major Thomas Mitchell travelled down the
Lachlan, Murrumbidgee and Murray Rivers in 1836,
he described floodplain environments untouched by
white scttlers. These riverine woodlands were inhab-
ited by thousands of Aboriginal people (Allen 1979;
Buchan 1979; Webb 1984). The rivers and flood-
plains provided an abundance of natural resources.
The lands were used by Aborigines for at least
40,000 years prior to European scttlement (Lance
1985).

Within a few ycars of the exploration of the
lowland rivers of the Murray-Darling system,
squatters began to claim the land for pastoral runs.
The lush grass growing on the riverine flats follow-
ing the retreat of flood waters provided abundant
feed for stock over the dry summer months. The
Land Acts of the mid 1800s opened the fand to
selectors, and new townships and local industries
flourished.

Clearance of trees for agriculture and scttlement
has significantly redueed the extent of native flood-
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plain vegetation. Margules and Partners et al. (1990)
estimate that 33% of floodplain vegetation has been
eleared along the Murray River and its anabranches,
although much of this is likely to be box woodlands
on the outer edges of the floodplains. River Red
Gum has suffered significantly less loss of cover in
eomparison to other inland eommunity types (Ben-
nett et al. 1998) dne to the flood-prone nature of
these areas.

Other changes in land-use and management
praetices have had a major impact on floodplain
eeosystems. The vegetation history of these environ-
ments lias been previously documented by a number
of authors (c.g. Curr 1965; Chesterfield 1986; Bren
1992; Margules and Partners et al. 1990; MeGowan
1992; Donovan 1997). Forestry practices and
changed burning regimes have caused many
ehanges in the strueture of River Red Gum commu-
nities (Jacobs 1955; Lyons 1988; Wilson 1995;
Donovan 1997).

The degradation that has oceurred over the last
150 yr also has eontributed to the loss and decline of
many speeies of animals (MDBMC 1987; Bennett et
al. 1998). The Blandowski expedition in 1856-57
reeorded 32 mammal speeies, exeluding bats, in the
vieinity of the Murray-Darling junction (Wakeficld
1966). Twenty-two of these speeies are now locally
extinet in the area (MDBMC 1987). Studies investi-
gating the eauses of deeline in species richness
within floodplain environments have mostly foeused
on the effeets of hydrological changes associated
with river regulation, partieularly on waterbirds (al-
though sec Parkinson et al. 2002). On a broader
seale, declining numbers of hollow-dependent fauna
in most habitat types lias been attributed to the loss
of large, old, hollow-bearing trees across forest and
woodland conmunities in general. Virtually nothing
is known about historical changes in fallen timber
availability and possible impaets on floodplain
fauna.

Historical Records

By the late 1800s, floodplain environments alrecady
had undergone major changes as a result of Euro-
pean impaets. The first explorers, settlers and natu-
ralists provided the earlicst deseriptions of these
arcas, often deseribing environments previously un-
seen by European colonists (1810-60). Later data
eolleeted by government officials (surveyors, seien-
tists and foresters) were examined, although these

mostly pertained to environments that had already
undergone mueh alteration (1860-1900).

Historical reeords were examined for any data
(deseriptive or quantitative) that provided either a
dircet indieation of fallen timber availability, or that
gave information on other variables (e.g. tree densi-
ties, fire regimes) that may relate to fallen timber
availability.

Explorers and Overlanders

Within a few years of the erossing of the Blue
Mountains and up to 1836, Oxley, Hume, Hovell,
Mitehell and Sturt had travelled extensively in the
region. The first colonists were the overlanders, who
used the Murray River as a travelling stock route to
drove cattle to Adelaide (Hawdon, Bonney, Sturt and
Eyre).

The journals of these explorers and overlanders
showed a number of common themes among their
deseriptions of the floodplain forests (Table 1). Al-
most all of the explorers eommented on the large
size of the trees growing along the rivers (extracts 2,
6,9, 11, 12,15, 16, 17, 22, 24; Table 1). In many
areas, the vegetation had an open, park-like appear-
ance with extensive grassy plains (7, 19, 21, 22, 24,
26, 28), while in other areas, the trees were dense (1,
8,25, 27, 29, 31). There are also many referenecs to
aboriginal burning and its effeets on the vegetation
(3,4,5, 10, 13, 23, 32, 33).

A number of extracts provided information
about fallen timber (Sturt’s journals). A swampy re-
gion in the vieinity of the junetion of the Murray and
Edward Rivers was ‘full of deeayed timber® (30).
Firc-damaged trees were an important source of
fallen timber (32, 33), and eonsiderable volumes of
debris were moved into the river channels during
floods (34). Sturt mentioned *the frequent stumbling
of the cattle’ (8), possibly due to mueh fallen timber.
None of the other explorers mentioned fallen timber
as an impediment despite travelling through these
areas with bulloek trains and drays.

Squatters and Selectors

Squatters moved into the newly explored territorics.
By 1830, pastoral runs had been taken up along the
Murrumbidgee and Laehlan frontages; 1835 saw
runs on the Murray River at the present-day site of
Albury; by 1838 the eountry along the Goulburn,
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Explorer (vear)

Area

Extraet

John Oxley (1817)

Hamilton Hume
William Hovell
(1824-25)

Charles Sturt
(1828)

Charles Sturt
(1829-30)

Thomas Mitchell
(1835)

Thomas Mitehell
(1836)

Joscph Hawdon
Charles Bonney
(1838)

Charles Sturt
(1838)

Lachlan River

Ovens River
Goulburn River

Maequarie River

Darling River
(near Macquarie
River junetion)

Murrumb. River
Lower Darling
River

Lower Murray
River

Darling River

Lachlan River

Lower
Murrumbidgee
River

Loddon River
(general)

Lower Goulburn
River

Murray River
(near Edward
River junction)

1. “The banks were so thickly covered with large cucalypti, that we did not
perceive it until we were within a very few yards of it.” (Oxley 1964:78-79)
2. "...huge unshapen euealypti, which would not afford a straight plank ten
feet long...” (Oxley 1964:83)

3. ‘All the country from wherc we started this morning is all burning in
every direction and the bush is all on fire ... the blacks...” (Hovell 1921:343)
4. “...all the country around us appears to be on fire...” (Hovell 1921:359)
5. ‘The eountry is on fire in all directions. This appears to be the scason for
burning the old grass to get new.” (Hovell 1921: 361)

6. ‘Upon these low grounds the blue-gum trees were of lofty growth...’
(Sturt 1963:11)

7. ‘...on the immediate banks of the river, where its undulations and
openness gave it a park-like appearance’ (Sturt 1963:23)

8. ...timbcred sufficiently to afford a shade ... but we were obliged to seck
more open ground, in consequence of the frequent stumbling of the cattle.”
(Sturt 1963:29)

9. *...the trees that overhung it were of beautiful and gigantic growth.”
(Sturt 1963:86)

10, *...the bush had been fired.” (Stunt 1963:91)

11. "Flooded-gum trecs of lofly size...” (Sturt 1963:52)

12. *lts banks were sloping and grassy, and were overhung by trees of
magnificent size.” (Sturt 1963:108)

13. ‘It was evident that fires had made extensive ravages in the
neighbourhood... (Sturt 1963:88)

14, *...wherever recds prevailed the flooded or hlue gum stretched its long
white branches over them.” (Sturt 1963:133)

15. *On the river bank, trees peeuliar to it, grow to so large a size, that its
eourse may be easily traced at great distances ... these gigantie trees...”
(Mitchell 1965 vol.1:302)

16. *We saw cnormous trees by the riverside.” (Mitchell 1965 vol. 1)

17. “The *yarra’ grew here, as on the Darling, to a gigantic size, the height
somctimes exeeeding 100 fect...” (Mitchell 1965 vol.2:54)

18. *...all permanent waters arc invariably surrounded by the ‘yarra’,..’
(Mitehell 1965 vol.2:55)

19. ...stately yarra trees; and charming vistas through miles of open forest
scenery...” (Mitehell 1965 vol.2:75)

20. *...most of our encampiment placed, unavoidably under a large yarra tree,
a very unsafe position during high winds, but fortunately no branches fell.*
(Mitchell 1965 vol.2:85)

21, “...the whole country traversed this day, was of that description which
belongs to the margins of streams, being grassy land under an open forest
containing goborro and yarra trees.” (Mitchell 1965 vol.2:104)

22, “...we passed alternately over grassy plains, and through belts of lofty
Gum trees...” (Mitehell 1965 vol.2:111)

23. ‘Fire, grass, kangaroos, and human inhabitants, seem all dependant on
each other for existence in Australia ... Fire is necessary to burn the grass
and form those open forests...” (Mitchell 1969:412)

24, *The lagoons here begin to extend to a greater distance from the river,
and are studded with very lofty flooded gum-trees, with good grass between
them...” (Kain 1991:30)

25. *... under a dark wood of gum trees scathed by fire to their very tops.’
(Sturt 1838 cited in Sturt 1899:138)

26. °...scattered trees marked with pleasing verdure the course of the river”
(Sturt 1838 cited in Sturt 1899:139)

Table 1.

Extracts from the journals of explorers and overlanders.
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Explorer (vear) Arca Extract

Charles Sturt
(1838)

Murray River
(near Echuea)
(ncar Swan Hill)

27. *...the caitle walk through beautiful green feed, up to their middles in
grass. The Irees are not so large as those higher up the river ... and the view
is shut in by thick forest.” (Sturt 1838 cited in Sturt 1899:141)

28. “...we traversed splendid and open flais of rich light loam. They were so

(general)
1978:20)

large as almost to deserve the name of plains.” (Sturt 1838 cited in Hibbins

29. *...we found the country on both sides of the river free from reeds, but
heavily timbered...” (Sturt 1838 cited in Hibbins 1978:21)

30. *...found the country intersceted by deep erecks, full of decayed timber,
and marked hy bull rushes and reeds..." (Sturt 1899:10)

31 *The whole country was heavily timbered..." (Sturt 1838 cited in Hibbins

1978:22)

32. *When timber was again seen it was like the reeds, blackened by native
conflagrations. Huge trunks and leafless limbs lay onc across another on
ground as black as themselves.” (Sturt 1838 eited in Sturt 1899:143)

33. “The reeds had been burnt by the natives and in burning had set fire to
the Jargest trees and brought them to the ground.” (Sturl 1838)

34. “But the sudden freshes 10 which the rivers of this country side are
subjeet, and the immense quantity of timber swept into their beds by each
suecessive flood must ever render them dangerous...” (Sturt 1838 cited in

Sturt 1899:145)

Tuble 1.

Campaspc and Loddon Rivers in the Port Phillip dis-
trict was occupicd (Jeans 1972; Ronald 1960).
Squatters in the “unscttled districts’ werc granted 14-
yr pastoral leases (dating from 1852) for runs of up
to 50 mi? (128 km?, Jeans 1972); occupation rights
went to the person that stoeked the land first. Occu-
pation applications have somc of the carliest de-
scriptions of these tracts of land. All original
documents relating to leaschold land in New South
Wales were destroyed in the Palace Garden firc of
1882. Examination of the Victorian records revealed
few usecful data.

Squatters werc required to provide a *dcscription
of the lands’ in their lease application. Descriptions
almost always only stated the location and bound-
aries of the run by reference to geographical features
such as rivers, crecks, ridges and marked trecs, so
little useful information is in these deseriptions.

Under the provisions ol the various Lands Acts
of the 1860s, colonists—selcetors’—were permitted to
choose land from the unsold public domain. The arca
permitted to a selcetor was related to the amount of
land he could clear and cultivate. Improvements, for
whieh selectors lodged compensation claims, in-
cluded erection of buildings and fences as well as
cutting down trees, ringbarking and elearing the
ground of fallen timber. Examination of these files
revealed numerous claims for clcaring logs or gath-
cring and burning timber (Parkinson & Mac Nally

Extracts from the journals of explorers and overlanders (continued).

2000). Ilmprovements are stated in terms of the
amount of land treated, not in the amount of timber
rcmoved. Unfortunately, the rates of payment arc not
known, so that it is not possible to usc this arcal in-
formation to determine deusities of fallen timber,

Surveys

Plans of all the Victorian parishes bordering the low-
land rcaches of the Murray, Ovens, Goulburn, Cam-
paspe and Loddon Rivers were cxamined for
descriptions of floodplain vegetation. The majority
of plans gave no descriptions of the vegetation. Only
a few plans gave any indication of the density or size
of trees with descriptions such as *heavily timbered
with large swamp gums’ or *lightly timbcred land
with box, gum, pinc and shc-oak’. Estimates of tree
density  were noted on only two plans
(Table 2)-cight large red gums per acre in the parish
of Gooramadda, and ten large red gums per acre in
the parish of Wodonga.

State colonial surveyors undertook mcasure-
ments of the courses of all the major rivers during
the mid-1800s. Most of the plans give some indica-
tion of the nature of the country along the rivers but
only in gencral terms (e.g. ‘swampy gum flats sub-
Ject to inundation’, ‘poor box forest, thinly
grassed’).
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Location Large trccs Smaller trees
(date) Density Deseription Density Dcseription
Murray River, 8/aerc ‘large red gum’
Gooramadda
(1879y°
Murray River, 10/acre ‘large red gum’
Wodonga
(1881)
Goulburn River 20/acre ‘suitable for milling purposcs’
(1875)°
Barmah Forest 80-100/acrc 18-24 inches diamcter
(1870)"
Millewa Forest 2/acre “fit for saw-mill purposcs’ 7/acre 16-20 inchcs diamcter
(1895)* 8/acre ‘trees of full growth ...but 2000/acre ‘dense growth of
hollow, spongy, and young trees’
winding growth’
Gunbowcer Forest  6/acrc ‘old trees...fit for sawing’ 40-80/acre 20-60 ft in height,
(1875)% 6-18 inches diameter
Gunbower Forest  6/acre ‘trees fit for fclling’
(1878)"
Table 2. Estimates of trec densities within River Red Gum forests, derived from parish plans® and forestry reports?.

Pre-emptive rights were the homestead blocks
purchased by squatters under regulations gazetted in
1848. Where runs included river frontage, the site
chosen for the main homestead typically was adja-
cent to the river. Many of these allotments were lo-
cated on floodplains. Pre-emptive right plans date
from 1852-73 and show the boundarics of allot-
ments and the location of landmarks such as build-
ings, fences and tracks. Some plans also include
descriptions of the soil and vegetation, but again in
general terms only {e.g. ‘tolerable loamy soil, lightly
timbered with flooded gums’).

Pastoral allotments were properties purchased
by sclectors from the Crown. Vegetation deserip-
tions were brief (e.g. “‘good grass, red gum’). Onc
plan from the vicinity of the Murray-Ovens junction
was later amended, with references to both the na-
ture of the forest and to the amount of fallen timber
on the ground:

‘Sparsely timbered, low lying land covered with

debris from floods’

‘Fairly well timbered with large Red Gum all

over’

‘Fairly well timbered herecabouts with big Red

Gum and saplings’

Scientists and naturalists

Botanists and zoologists were commissioned by the
government to undertake extensive colleeting expe-
ditions, The journals of these people provided valu-
able information on the nature of the landscape prior
to European impact.

Botanist Daniel Bunece made one refercnee to
fallen timber when describing the swollen Cam-
paspe River after heavy rains:

‘November 29 - This morning go to the river

with the intention of crossing, but from the late

rains we find that it is not only not fordable, but
very rapid. bringing down large logs of wood.’

(The Argus 14/3/1850, p. 2).

Von Mueller undertook a major seientific expedition
along the floodplains of the Murray River-a 2500
km journey from November 1853 to April 1854.
Muecller (1855) gave a detailed account of the vari-
ous species of plants that he encountered but pro-
vided no deseriptions the floodplain forests. The
zoologist William Blandowski and the German
botanist, Gerard Krefft, led an expedition to investi-
gate the natural history of the region in the vicinity
of the Murray-Darling junction. They did not pro-
vide any general descriptions of the countryside
(Blandowski 1857).

Edward Curr was a squatter in the Barmah For-
est region from 1841 to 1851. He deseribed the



FALLEN-TIMBER LOADS ON SOUTHERN MURRAY-DARLING BASIN FLOODPLAINS 103

extent and impaet of burning and a couple of refer-
enees to the size of the River Red Gums (Curr
1965):
‘... it seems to me that its [Australia’s] condi-
tion, when we took possesston of it, was largely
attributable to the eustoms of its aboriginal in-
habitants ... there was another instrument in the
hands of these savages whieh must be credited
with results which it would be difficult to over-
estimate. 1 refer to the fire-stick: for the black-
fellow was constantly setting fire to the grass
and trees, both aceidentally and systematically
for hunting purposes...” (pp. 87-88)
‘... towering gum trees...” (Goulburn River near
Seymour) (p. 36)
‘... the Murray with the grand trees on its
banks...” (p. 168)
George Bennett made note of the large size of the
River Red Gums that he eneountered during his
journey along the Murrumbidgee River during
1832:
‘... enormous trees of the Eucalyprus genus,
called ‘water gum’ by the eolonists; they attain
from ninety to one hundred feet in height, with
a diameter of from six to eight feet ...” (Bennett
1834:188)
Edmund Hobson also eommented on the River Red
Gums that he observed on the Murray River durtng
his journey {rom Melbourne to Sydney in 1839:
‘... the trees on its banks are high luxuriant

Thus, despite making extensive journeys along
the rivers of the Murray-Darling system and having a
speeifie interest in the natural environment, the carly
scientists and naturalists left few deseriptions of the
general nature of the riverine forests and woodlands.

Forestry records

The carliest reports date from the 1870s and 1880s,
a period during whieh timber eutting was particu-
larly intensive and new regulations were being intro-
duced. Examination of these reports revealed
information about the extent of impaet of forestry
operations at the time (Table 3), as well as providing
some data on the structure of the River Red Gum
forests (Table 2).
Changes in the structure of the forests duce to in-
ereased regeneration are also deseribed in a couple
of reports:
‘Gunbower forest was originally rather thinly
timbered, but the action of the floods has been to
deposit seed in all the low ground ... From the
appearance of the saplings, | think they must
have been sown by the great flood of 1870, as
they range from forty to sixty feet in height, and
from nine to twelve inches in diameter at two
feet from the ground.” (Gunbower forest, Votes
and Proceedings of the Legislative Assembly of
Victoria 1878)

gums’ (Hobson 1839 cited in Kenyon ‘... 1 have no hesitation in stating that where
1932:220) there was one young tree in 1875, when | took
Location Extract

Gunbower Forest
Assembly of Victoria 1878)

Barmah Forest
Assembly of Victoria 1875)

1878)

Goulburn River
1878)

Ovens River,

Broken River and

Murray River

(Bundalong-Tocumwal)

‘this forest contains very little virgin redgum’ (Votes and Proceedings of the Legislative

‘you will doubtless be surprised 10 see what a small portion of virgin forest remains’(Votes
and Proceedings of 1he Legislative Assembly of Victoria 1878)
‘it is almost thoroughly culled of its best timber® (Votes and Proceedings of the Legislative

*the timber on the river bank, and back for an average distance of two miles, has been cither
partly or entirely worked” (Votes and Proceedings of the Legislative Assembly of Victoria

‘the area bearing mature timber has been cut over several times during the past sixteen
years” (Votes And Procecdings of the Legislative Assembly of Victoria 1899)
‘there is no virgin forest’ (Votes and Proceedings of 1he Legislative Assembly of Victoria

‘the red gum has been greatly worked out some years ago’ (Votes and Proceedings of the
Legislative Asscmbly of Victoria 1885)

Table 3. Extracts from forestry reports detailing the impact of timber cutting on river red gum forests.
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charge on these forest rcscrves, therc are now
twenty...” (Millewa forests, Votes and Proeeed-
ings of the Legislative Assembly of New South
Wales 1895)
‘... thinning operations eommeneed in 1891 ...
On the area first operated upon thousands of
piles, fully 60 feet in length, from 18 to 20
inehes in diameter, and as straight as arrows,
could now be obtained. Had the forests been lefl
in their unassisted statc, where there are now
from fifty to sixty sueh trees to the aere there
would probably have not been more than five or
six.” (Millewa forests, Votes and Proeccdings of
the Lcgislative Assembly of New South Walcs
1895)
These reports elearly indicate that by the latc ninc-
teenth eentury, timber harvesting and silvicultural
management had already had a major impact on the
River Red Gum forests.

FACTORS AFFECTING FALLEN TIMBER
PRODUCTION

Robinson (1997) found that old-growth River Red
Gum woodland has a significantly higher load of
fallen timber than younger stands, so tree size is an
important dcterminant of fallen timber produetion.
Historieal changes in the agc-structure of River Red
Gum eommunities would, therefore, be expected to
have assoeiated ehanges in fallen timber abundanec.
Many photographs and reports from the 19' century
show or refer to huge River Red Gums, mueh larger
than most of those standing today (Bennett 1834:
188: Mueller 1879). It appears that the floodplain
woodlands cncountercd in the early 19" eentury
were of a much older age-strueturc than thosc of
today.

Given that it is the large, veteran trees that are
likely to produee most fallen timber, ehanging den-
sities of these trees is eritieal. A limited number of
density cstimatcs were obtained from parish plans
and forestry reeords (Table 2). The estimatcs for
‘large’ trees range from 6 to 20 trees per acre. The
actual size of these trees is not defined, but they are
generally deseribed as being of a size fit for milling
(> 2-3 feet in diamcter).

European land-usc may have contributed to this
shift in the size-strueture of River Red Gum stands,
in particular: (1) changes in the burning regime and
(2) intensive timber utilization.

Fire regime

Fires lit by lightning strikcs or by aborigines werc a
common oeeurrenee in the Australian landseape
(e.g. Jaeobs 1955; McArthur 1962; King 1963; Curr
1965:; Joncs 1969; Nicholson 1981; Dingle 1984;
Fahey 1986; Boutland 1988; Pyne 1991; Flannery
1994; Dargavel 1995). River Red Gum saplings are
cxtremely fire sensitive so that periodie burning im-
pedes regencration (Jaeobs 1955; Dexter 1978;
Gloury 1978; Robertson 1985). Large trees gener-
ally are able to withstand low-intensity ground fires
(Robertson 1985). Therefore, the result of frequent,
low intensity burning of the past was the maintc-
nanee of open stands of predominantly large, vet-
eran trees living for 500-1000 yr (Jaeobs 1955;
Chesterficld 1986; Lyons 1988).

The large veteran trees of these woodlands most
probably would have produeed large volumes of
fallen timbcr. However, the overall produetion of
fallen timber by such woodlands may not neeessar-
ily have been high. Evidenee suggests that the burn-
ing regime that existed at the time also maintained
considerably lower tree densities than at present.
The scant existing cvidenec suggests a similar pat-
tern of ehange on the floodplains. Until late last cen-
tury, River Red Gum vegetation appears to have
been gencrally open.

Apparently many of today’s River Red Gum
forests arc a legaey of extensive regeneration during
the 1870s, due to a serics of high floods and mild
summers (Jacobs 1955; Dexter 1978). Sueeessful
cstablishment of River Red Gums was partieularly
high during this period (Jaeobs 1955). The result
was the development of relatively densely stoeked
stands of young trees.

Thus, although the areal density of trees in pres-
ent-day River Red Gum communities may be signif-
icantly higher than in the past, this may be mainly
due to cstablishment of large numbers of trees
around 130 yr ago—trees that are still young for the
River Red Gum. The ehange in the firc regime has
probably had little effect on the density of older trees
(although see quotes 32, 33 in Table 1). Thesc trecs
have been subjeet to another pressure—timber
harvesting.

Timber harvesting

The suitability of River Red Gum timbcer for many
purposcs was quickly realized and by thc mid 1800s
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was in great demand. Initially, the timber was ex-
ploited for hicavy construetion (Donovan 1997). im-
mense quantities of River Red Gum were eonsumed
as firewood during the 19" eentury. The 1150 steam
engines of Vietoria’s gold mines eonsumed > 106
tons of firewood p.a. (Blainey 1984). Vast quantities
of timber were used for steam produetion for mills
(Moulds 1991). Huge quantities of River Red Gums
were eut for railway sleepers. Demand for red gum
sleepers remained high for the next 100 yr.

Removal of timber from the Vietorian side of the
Murray River was so complete that, by the 1880s,
River Red Gum timber from the New South Wales
side of the river was required to satisfy Vietorian de-
mand (Donovan 1997; Votes and Proeeedings of the
Legislative Assembly of New South Wales 1895).
Commissioned reports on state forests and timber
reserves condemned the government’s lack of eon-
trol of state-forestry interests:

‘In eonelusion, we feel it our duty to point out

that the forests of Barmah and Gunbower have

not reeeived the eare and proteetion whieh

should have been bestowed upon so valuable a

State property. No private owner of extensive

arcas of redgum would for a moment deal with

such an estate in the manner in whieh these im-

portant reserves have been managed and worked

in the past.’ (Votes and Proeeedings of the Leg-

islative Assembly of Vietoria 1899)

The most signifieant cffeet of this long history of
timber harvesting has been the removal or death of
almost all the large trees. Most of the huge, old
River Red Gums from the pre-European woodlands
have fong been removed. The majority of these trees
would have been many centuries old. Thus, despite
the regrowth that has oceurred sinee this time, the
River Red Gum forests would be of a much younger
demography than those of the past.

Although forestry operations have eontributed
to a deeline in the numbers of large, debris-produe-
ing trees, substantial amounts of logging residue
also are produced (i.e. defeetive timber and the
smaller braches of trec erowns). This is generally
not, however, a sourec of long-term fallen timber. In
the past, logging debris was piled up and burnt
(Broughton1966), while now it is made available to
firewood eolleetors (Donovan 1997; Read, Sturgess
and Assoeiates 1995).

FACTORS AFFECTING FALLEN TIMBER LOSS
Natural decomposition

Rates of decay of red gum wood are very low by
world standards, with pieees of dead timber remain-
ing intaet for > 100 yr (Robinson 1997). It is un-
likely that rates of deecomposition of red gum debris
have altered significantly over the last couple of
eenturics.

Removal by floodwaters

Two ehanges have oceurred sinee the mid 1800s that
may have influeneed the extent of movement of
floodplain debris, partieularly the transfer of fallen
timber from the floodplain into the main ehannel or
drainage lines. The first is the ehanges in the nature
of floods as a result of river regulation. Beeause
winter/spring inflows into the river system are now
held in storage for release to meet irrigation de-
mands in summer and autumn, the large annual
floods that oceurred under the naturat flow regime
have deelined in both magnitude and frequency
(Close 1990). In the past, sueh floods may have re-
sulted in the frequent redistribution of floodplain
debris.

The seeond influenee is the inercased density of
trees on many arcas of floodplain due to the exten-
sive regeneration that oeeurred late in the nincteenth
eentury. This would inhibit the translocation of
fallen timber, regardless of the magnitude of a flood.
This faetor alone is likely to have resuited in an
overall deerease in the amount of fallen timber that
would be transported off the floodplain.

Combustion

Frequent, low-intensity burning was prevalent on
pre-European floodplains. Fires are now less fre-
quent but would generally be of greater intensity.
This ehange may have affected the rate at which
fallen timber is lost from floodplains due to fires.
Fires within floodplain forests are relatively
slow-moving due to the low-relief topography and
relatively low fuel loads—coarse fuels are not im-
portant to the rate of spread of a fire (Tolhurst et al.
1992). Dry red gum wood will readily eateh alight
during forest fires, espeeially if partially decayed,
and, onee alight is long-burning until eompletely
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consumed (L. Bren, pers. comm.). Thercfore, con-
siderable volumes of fallen timber are likely to be
lost from floodplain ecosystems during fires, cven
thosc of low-intensity.

Firewood collection

River Red Gum is onc of the most highly sought
fuel-wood-tree species in temperate Australia (FTS
& UT 1989). In Victoria, fircwood represents the
largest single use of products from public forests, at
1.2 10 2.5 x10° m? p.a. in 1995, compared with a
total sawlog production of about 1.0 x10° m* p.a.
and total pulpwood production of 0.9 x10¢ m? p.a.
(Read Sturgess and Associates 1995). Although
used primarily for houschold heating. the industry
continues to undergo rapid growth (Donovan 1997).
In the Millewa forests, use of residuc timber from
logging operations for firewood has increased from
5000 tonnes in 1985 to 35,000 tonnes in 1996
(Donovan 1997).

On public land, firewood collection (both com-
mercial and domestic) is permitted only in desig-
nated arcas of forest that are shifted periodically.
Even so, large arcas of land are sometimes almost
completely denuded of fallen timber, particularly
from arcas close to towns (FTS & UT 1989).

CURRENT WOODLOADS AT BARMAH-
MILLEWA

In 1997-1999, we undertook an extensive survey of
fallen-timber loads across the entire southern Mur-
ray-Darling floodplain system (Mac Nally et al.
2000b). Part of this survey involved measurements
of 60 0.5 ha plots randomly sited in the Barmah-
Millewa forests. In cach 200 m X 25 m transccet, all
pieces of fallen timber exceeding 10 em diameter
were measured.

From these data, and assuming a mass-density
of 0.6 tonne m* (Robinson 1997), we estimated that
the average extant load of fallen timber at Barmah
was 24.36 tonnc ha”! and, at Millewa, 16.78 tonne
ha!, both of which much exceeded the average load
at Gunbower Island (11.78 tonne ha'!) (Table 4). Our
preceding historical analysis provided scant evi-
denee to assess these figures against i possible pre-
European figure. Robinson (1997) measured fallen
timber loads in several old-growth, very isolated
sites in Millewa, recording a figure of ca 125 tonne
ha L. If this figure is more representative of pre-Eu-
ropcan loads, then all three floodplain forests,
among the main extant representatives of the River
Red Gum ccosystem, are likely to be very much im-
poverished. By using bootstrap resampling, we esti-
mated that the total fallen timber load at Barmah
was between 365,700 and 957,700 tonne, and be-
tween 432,300 and 710.300 tonne at Millewa
(Table 4).

We have strong experimental evidence that loads
of = 40 tonne la' arc favourcd by the ncar-threat-
cned (Garnett & Crowley 2000) Brown Treeerecper
Climmacteris picumuus and the Yellow-footed An-
techinus  Antechinus flavipes (Mac Nally ct al.
2002a; Mac Nally and Horrocks 2002). Therefore,
cven if the Robinson figure is unrepresentative, the
current loads do appear to be much lower than de-
sirable based on the needs of representative birds
and mammals.
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